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1
HIGH EFFICIENCY ELECTRIC MOTOR

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of U.S. Provi-
sional Patent Application No. 63/233,110, filed on Aug. 13,
2021, the entire contents of which are hereby incorporated
herein by reference in its entirety.

FIELD

The present disclosure relates generally to the field of
electric motors. More specifically, it relates to electric
motors having one or more movable components provided
in a vacuum chamber.

BACKGROUND

An important performance trait for electric vehicles (e.g.,
vehicles or objects that are moved under operation of one or
more electric motors) is a distance that the vehicle can travel
before exhausting its power supply(ies). Improvements in
operational efficiencies of electric motors can translate
directly to improvements in performance of the electric
vehicle.

SUMMARY

The present disclosure provides mechanisms and
approaches for improving operational efficiencies of an
electric motor, an electric generator, or any other device that
transforms mechanical motion to electrical energy or vice
versa. The present disclosure also contemplates a vehicle
that is moved under operation of one or more electric motors
having the improved operational efficiencies described
herein. In some examples, an electric motor is provided with
one or more moving elements (e.g., rotational components)
in a vacuum chamber. The vacuum chamber can be created
with relatively low power requirements and inputs but can
help create significant performance improvements in the
electric motor. Specifically, if the rotational components of
the electric motor are allowed to operate in a vacuum
chamber (e.g., in an absence of air turbulence, in an absence
of air resistance, etc.) or similar environment that creates
less drag for the rotational components than an environment
outside the vacuum chamber. Alternatively or additionally,
the motor housing itself may be vacuum sealed (or may have
been built in a vacuum chamber then sealed), meaning that
no substantial additional energy is needed to maintain the
vacuum as long as the appropriate seals are maintained
around the motor housing.

The vacuum chamber may be created around an entirety
of all components of the electric motor. In other embodi-
ments, the vacuum chamber may be created around some,
but not all, components of the electric motor. As an example,
the vacuum chamber may be created within a housing of the
electric motor, but may contain one or more rotational
components of the electric motor. It should be appreciated
that the conditions created within the vacuum chamber may
correspond to a complete vacuum (e.g., an environment
where substantially all air/fluid has been removed from the
chamber with a pump) or partial vacuum (e.g., an environ-
ment where some, but not all, air/fluid has been removed
from the chamber with a pump). It should also be appreci-
ated that the vacuum chamber may be created and/or main-
tained with one or more physical seals and by actively
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withdrawing more air/fluid from the chamber with the
pump. In other words, an amount of air/fluid in the vacuum
chamber may be adjusted over time depending upon opera-
tions of the motor and desired conditions for the rotational
components.

In some embodiments, a system is disclosed to include
one or more components of a motor, which are provided in
a vacuum chamber. The vacuum chamber may be created
and/or maintained using a pump. The one or more compo-
nents provided in the vacuum chamber may correspond to
movable components, such as rotational components. The
motor may correspond to an electric motor. As a non-
limiting example, the motor may correspond to an induction
motor, a synchronous motor, or a linear motor. As more
specific but non-limiting examples, the motor may corre-
spond to an AC brushless motor, a DC brushed motor, a DC
brushless motor, a direct drive motor, a servo motor, a gear
motor, or a stepper motor.

According to another embodiment of the present disclo-
sure, a vehicle is provided that includes: a vacuum chamber
and rotational components of an electric motor housed
within the vacuum chamber, where the rotational compo-
nents are controlled by electrical components of the electric
motor, which receive electrical power from a power supply.
The power supply may be provided external to the vacuum
chamber. The rotational components may be coupled to a
movable object (e.g., a wheel or gears of the vehicle), which
when moved or rotated impart a motion to the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is described in conjunction with
the appended figures, which are not necessarily drawn to
scale:

FIG. 1 is a block diagram showing vehicle components in
a first configuration in accordance with at least some
embodiments of the present disclosure;

FIG. 2 is a block diagram showing vehicle components in
a second configuration in accordance with at least some
embodiments of the present disclosure;

FIG. 3 is a block diagram showing a motor housing that
acts as the vacuum chamber in accordance with at least some
embodiments of the present disclosure; and

FIG. 4 is a block diagram showing a generator with
components in a vacuum chamber in accordance with at
least some embodiments of the present disclosure.

DETAILED DESCRIPTION

The ensuing description provides embodiments only, and
is not intended to limit the scope, applicability, or configu-
ration of the claims. Rather, the ensuing description will
provide those skilled in the art with an enabling description
for implementing the described embodiments. Various
changes may be made in the function and arrangement of
elements without departing from the spirit and scope of the
appended claims.

Various examples are provided throughout the following
disclosure. The disclosure of examples is in all cases
intended to be non-limiting, including specifically when
examples are identified with the terms or phrases identifying
what follows to be an example, including the terms of
phrases “for example,” “as one example,” “such as,” “by
way of example,” and “e.g.” In other words, the disclosure
of one or more examples is not intended to limit the present
disclosure to embodiments conforming to the disclosed
example(s).
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Embodiments of vehicles disclosed herein may include
any number of features. While various examples of vehicles
and components of vehicles will be described with particular
features, it should be appreciated that the features depicted
and described in connection with a particular vehicle may be
used in any type of vehicle without departing from the scope
of the present disclosure. In particular, embodiments of the
present disclosure may be utilized in a vehicle as described
in U.S. Pat. Nos. 11,040,747 and/or 9,457,648, the contents
of'each of which are hereby incorporated herein by reference
in their entirety.

Referring now to FIG. 1, a system 100 for use in a vehicle
is shown and will now be described in accordance with at
least some embodiments of the present disclosure. The
system 100 may include one or more motors that are
designed to operate under control of a motor controller,
utilize electrical power from a power supply 120, and impart
motion to one or more movable objects 124.

One, some, or all of the components of the system 100
may be provided in a wheel of the vehicle. Alternatively, the
movable object 124 may correspond to a wheel of the
vehicle, the motor may be provided in the wheel of the
vehicle, and the power supply 120 used to provide power to
the motor may be provided in the wheel of the vehicle or
external to the wheel of the vehicle. Some or all of these
components (e.g., the vacuum chamber 104, motor housing
108, electrical components 112, rotational components 116,
power supply 120, and pump 136 may be positioned below
an axis of rotation of the wheel to provide a lower center of
gravity for the vehicle.

FIG. 1 also illustrates specific components of a motor,
which may include a motor housing 108, electrical compo-
nents 112, and movable components (e.g., rotational com-
ponents 116). Some or all of the motor components includ-
ing the motor housing 108 and all contents maintained
therein may be provided in a vacuum chamber 104. The
vacuum chamber 104 may correspond to a sealable or sealed
container or enclosure. Air and/or fluid may be removed
from the volume of the vacuum chamber 104 to create a
complete or partial vacuum within the volume of the
vacuum chamber 104. In some embodiments, a pump 136
may be used to remove air and/or fluid from the vacuum
chamber 104 (e.g., to create the partial or complete vacuum
environment within the vacuum chamber 104). In some
embodiments, the pump 136 may be operated by a pump
controller, which is configured to monitor a pressure within
the vacuum chamber 104 and determine when the pump 136
should be activated to remove more air/fluid from the
vacuum chamber 104. Once a suitable or desired partial or
complete vacuum is created in the vacuum chamber 104, the
pump 136 may be disabled to preserve energy.

One or more seals 128, 132 may be used to mechanically
maintain the partial or complete vacuum within the vacuum
chamber 104. In some embodiments, a first seal 128 is used
to provide a sealable or sealed pathway for electrical wiring
to pass between the power supply 120 and the electrical
components 112. A second seal 132 is used to provide a
sealable or sealed pathway for a mechanical coupling
between the rotational components 116 and the movable
object 124. In some embodiments, each seal 128, 132 may
include an opening having a conformable material within the
opening. The conformable material (e.g., silicone, plastic,
rubber, etc.) may substantially preserve the vacuum condi-
tions within the vacuum chamber 104 while also allowing a
physical structure (e.g., wires or a mechanical coupling) to
pass into/out of the vacuum chamber 104. It should be
appreciated that one or both of the seals 128, 132 may
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4

comprise multiple, staged seals. For instance, the first seal
128 or the second seal 132 may be constructed of multiple
seals positioned between an interior of the vacuum chamber
104 and the exterior of the vacuum chamber. Providing the
vacuum chamber 104 with multiple staged seals may allow
for one of the multiple seals to fail, crack, or become
inoperable without sacrificing the vacuum chamber 104. It is
also possible to provide one or both of the seals 128, 132 as
a single seal device.

The electrical components 112 of the motor may include
a motor controller, stator, stator coil(s), rotor, rotor coil(s),
magnets, and/or any other motor components that operates
with the assistance of electrical and/or electromagnetic
energy. The electrical components 112 of the motor may
consume electrical energy from the power supply 120,
which may include a battery, a set of batteries, a power
adapter, combinations thereof, or the like. While the power
supply 120 is depicted as being connected to electrical
components 112 with one or more physical wires that pass
through the first seal 128, it should be appreciated that power
could be provided to the electrical components from the
power supply 120 using wireless power transfer approaches
(e.g., induction, capacitance, etc.). In such a configuration it
may be possible to transfer power from the power supply
120 to the electrical components 112 without requiring a
wire that passes through the first seal 128 (e.g., the first seal
128 may be permanently shut or may not be necessary).

Activation or operation of the electrical components 112
may cause the rotational components 116 to rotate or move.
In some embodiments, the rotational components 116 may
include one or more of a motor shaft, a bearing, a rotor, a
stator, a commutator, gears, combinations thereof, or the
like. When electrical current is passed through one or more
of the electrical components, then electric and/or electro-
magnetic forces may cause the rotational components 116 to
move as is known in the electric motor arts.

Motion of the rotational components 116 may be trans-
ferred to the movable object 124 via one or more mechanical
couplings that pass through the second seal 132. In some
embodiments, the movable object 124 may include a wheel
or gears connected to a wheel that cause the wheel to rotate,
thereby causing a vehicle on which the wheel is mounted to
move. Because the rotational components 116 are shown as
being provided in a vacuum chamber 104, it should be
appreciated that frictional forces (e.g., drag, turbulence, etc.)
on the rotational components 116 can be reduced. Reducing
the frictional forces on the rotational components 116 can
help to improve the overall performance of the motor as
compared to a motor that is not contained within a vacuum
chamber 104.

FIG. 2 illustrates an alternative configuration of the sys-
tem 100 in which the vacuum chamber 104 is provided
within the motor housing 108. In this particular configura-
tion, the vacuum chamber 104 is localized within the motor
housing 108 such that the rotational components 116 are still
capable of operating in a reduced friction environment, but
other components of the motor (e.g., certain electrical com-
ponents 112) can be maintained outside the vacuum chamber
104. Providing the electrical components 112 outside the
vacuum chamber 104 may enable a smaller overall motor to
be used. Moreover, certain features of the vacuum chamber
104 (e.g., the rotational components 116 and/or seals 128,
132) may be maintained in a more secure and safe area of the
motor housing rather than exposing the entire vacuum
chamber 104 outside the motor housing 108, which may
help to preserve the complete or partial vacuum within the
vacuum chamber 104.
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FIG. 3 illustrates yet another configuration of the system
100 in which the motor housing is also the vacuum chamber
304. The combined housing/vacuum chamber 304 may still
include one or more seals 128, 132 as described above. FIG.
3 also illustrates that a valve 308 may be used to provide a
connection mechanism between the pump 136 and the
housing/vacuum chamber 304. It should be appreciated that
the valve 308 can be moved between an open and closed
position such that, in the open position, the pump 136 can
move air/fluid into or out of the housing/vacuum chamber.
When the valve 308 is in a closed position, yet another seal
may be formed on the housing/vacuum chamber 304 thereby
preserving the pressure difference between the interior and
exterior of the housing/vacuum chamber 304.

While the valve 308 is depicted in FIG. 3, but not in FIG.
1 or 2, it should be appreciated that the configuration of the
system 100 shown in FIGS. 1 and/or 2 may include a valve
308 without departing from the scope of the present disclo-
sure. For example, the valve 308 may be positioned between
the pump 136 and the vacuum chamber 104. In some
embodiments, the valve 308 may be provided as part of the
vacuum chamber 104. In some embodiments, the pump 136
may be releasable connectable to the valve 308, meaning
that the motor components do not necessarily have to
operate with the pump 136 connected to the vacuum cham-
ber. Rather, the pump 136 can be detached and reattached
when needed to adjust the fluid/air pressure in the vacuum
chamber, but the pump 136 can be removed from the system
100 when the pump 136 is not needed to adjust the fluid/air
pressure in the vacuum chamber.

FIG. 4 illustrated yet another configuration of the system
100 where components of a generator are maintained in a
vacuum chamber 404. In other words, embodiments of the
present disclosure are not limited to use in motors, but can
also be applied to generators and other articles of manufac-
ture that include electrical components and components that
move (e.g., rotate). The generator housing may also act as
the vacuum chamber 404, meaning that the housing of the
generator can have the vacuum conditions maintained
therein. Unlike the motor, however, the generator 404 is
used to provide power from the electrical components 112 to
a power output 408, which may connect to a power grid or
some other power sink. Also like the motor, the generator
housing may be a vacuum chamber 404, meaning the
generator housing doubles as a vacuum chamber. It should
be appreciated that the vacuum conditions within the gen-
erator housing may be created with the pump 136 after the
housing is constructed or the housing may be constructed
under vacuum conditions and then distributed for use.

Various vehicle configurations that utilize a system 100 as
described herein may include a four-wheel embodiment. It
should be appreciated that a vehicle may be configured to
support any number of wheels (e.g., 1, 2, 3,4, 5, ..., 10,
etc.) without departing from the scope of the present dis-
closure and the vehicle may include one or many motors
contained within a vacuum chamber 104 without departing
from the scope of the present disclosure.

Specific details were given in the description to provide a
thorough understanding of the embodiments. However, it
will be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific
details. Additionally, the Figures do not depict well-known
features that may be needed to create a working vehicle so
as not to obscure the embodiments in unnecessary detail.

What is claimed is:

1. A system, comprising:

a vacuum chamber;
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one or more components of a motor or generator, wherein
the one or more components of the motor or generator
are provided in the vacuum chamber; and

a valve that provides a releasable connection mechanism
for a pump to connect with and create the vacuum
chamber.

2. The system of claim 1, wherein vacuum chamber is

created and/or maintained using the pump.

3. The system of claim 1, wherein the one or more
components of the motor or generator comprise movable
components.

4. The system of claim 3, wherein the one or more
components of the motor or generator comprise rotational
components.

5. The system of claim 1, where the motor comprises an
electric motor, wherein the electric motor comprises an
induction motor, a synchronous motor, or a linear motor.

6. The system of claim 5, wherein the electric motor
comprises an AC brushless motor, a DC brushed motor, a
DC brushless motor, a direct drive motor, a servo motor, a
gear motor, or a stepper motor.

7. The system of claim 1, wherein the one or more
components comprise electrical components.

8. The system of claim 1, further comprising:

a movable object coupled with the one or more compo-
nents via a mechanical coupling, wherein the mechani-
cal coupling passes through a seal of the vacuum
chamber.

9. The system of claim 1, further comprising:

a power supply coupled with the one or more components,
wherein the power supply is coupled with the one or
more components via a wire that passes through a seal
of the vacuum chamber.

10. The system of claim 1, further comprising:

a power output coupled with the one or more components.

11. A vehicle, comprising:

a vacuum chamber;

rotational components of an electric motor housed within
the vacuum chamber, wherein the rotational compo-
nents are controlled by electrical components of the
electric motor, which receive electrical power from a
power supply; and

a valve that provides access to the vacuum chamber and
is configured to releasably connect a pump to the
vacuum chamber.

12. The vehicle of claim 11, wherein the power supply is

provided external to the vacuum chamber.

13. The vehicle of claim 12, wherein the electrical com-
ponents are provided external to the vacuum chamber.

14. The vehicle of claim 12, wherein the electrical com-
ponents are provided within the vacuum chamber and are
coupled with the power supply via a wire.

15. The vehicle of claim 11, wherein the power supply
comprises a battery.

16. The vehicle of claim 11, further comprising:

a wheel in which the vacuum chamber and the electric
motor are provided, wherein one or both of the vacuum
chamber and the electric motor are provided below an
axis of rotation of the wheel.

17. The vehicle of claim 11, wherein the pump is used to
create a partial or complete vacuum within the vacuum
chamber while the rotational components are moved,
wherein a seal is provided in the vacuum chamber that
maintains the partial or complete vacuum while simultane-
ously allowing motion of the rotational components to be
transferred to a movable object and wherein motion of the
movable object is used to impart motion to the vehicle.
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18. A generator, comprising:

a housing configured to enclose one or more rotational
components;

a vacuum chamber established around the one or more
rotational components that enables the one or more 5
rotational components to move under conditions of
decreased friction as compared components not con-
tained in the vacuum chamber; and

a valve that is provided as part of the housing and is
configured to maintain the vacuum chamber. 10

19. The generator of claim 18, wherein the housing forms

the vacuum chamber.

20. The generator of claim 18, wherein the valve provides

a releasable connection mechanism for a pump to enable the
pump to create the vacuum chamber and wherein the valve 15
is movable between an open state and a closed state.
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